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A CENTURY OF CIVIL ENGINEERING* 
The century which has just passed, the 
nineteenth of the Christian era, is distin- 
guished from any of the preceding hundred- 
year periods in the world's history by the 
advances made in the cooperation of inves- 
tigators in numerous branches of science in 
the formulation of doctrines regarding the 
nature and coordination of natural phe- 
nomena, which stand the test of experiment 
and calculation, thus leading to a nearer 
approximation to the understanding of the 
laws which govern such phenomena, and so 
to the development into a profession of the 
' Art of directing the great sources of power 
in Nature for the use and convenience of 
Man,' which Art is entitled Civil Engineer- 
ing. This definition is itself one of the 
most noteworthy products of the Nine- 
teenth Century, and a study of the sequence 
of events and reasoning which led to its 
formulation is not without interest. 

Ever since man became endowed with 
consciousness and the power of reasoning, 
he has been striving to solve the problems 
of the physical world around him in which 
he perceived matter in motion, which was 
evidenced to his senses by sight and touch, 
by sound and taste and smell, but which 
was devoid of sentience, so far as he could 
* President's address before the American Society 
of Civil Engineers at the Annual Convention at 
Niagara Falls, N. Y., June 25, 1901. Transactions 
Am. Soc. C. E., XLV., 599. 
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discover. He observed at once that by its 
different manifestations his physical comfort 
was materially affected, and it did not take 
long for him to learn that certain sequences 
of sensation, of one sort or another, followed 
certain manifestations occurring singly or 
in combination, and then that the order of 
many such manifestations could be con- 
trolled by him at will, while that of multi- 
tudes of others could not be so controlled at 
first, their methods and causes not being 
appreciable by his unassisted senses. 

But until about three hundred years ago 
there does not seem to have been any sys- 
tematic and well-directed effort to investi- 
gate the reasons why material changes Oc- 
curred naturally, or how certain changes 
could be artificially produced with certainty. 

To discover the sequence of natural 
events is first of all an empirical task : 
facts must be observed systematically, and 
recorded, and then their combinations 
reasoned upon. Hypotheses can then be 
formed as to the probable effects of slightly 
different collocations and sequences of 
events, and these subjected to experiment 
and computation. An hypothesis cannot 
be established as a scientific fact until it has 
been verified by observation and also proved 
to be in accordance with mathematical laws. 
Tennyson's apothegm, that 'knowledge 
comes, but wisdom lingers,' is profoundly 
true. 

Now, up to the beginning of the seven- 
teenth century of the Christian era, there 
had been no organized physical experimen- 
tation, on a comprehensive scale, and intel- 
ligent reasoning therefrom. The specula- 
tions as to the laws of nature which had 
been made from time to time had been purely 
efforts of the imagination, and were unsus- 
tained by either practical demonstration 
or analytical reasoning. Various hypoth- 
eses had been framed, on insufficient or 
incorrect premises, and some of them had 
been so near the truth as actually to delay 



the progress of the truth, by the appearance 
of exactness in the reasoning from them, up 
to a certain point. 

Really, the civil engineer had been prac- 
ticing his art and directing the forces of 
nature for the use and convenience of man, 
but without any conception of what those 
forces were, or how they acted, or of why 
he did anything, or what the result, of it 
would be, unless he had done the same 
thing before in the same way. He did not 
know that the earth moved, and he had no 
idea why or at what rate a stone fell to the 
earth, or water ran down hill. He had no 
measure of heat or light, and used no power 
but that which the muscles of an animal 
produced. And yet he had built the Pyra- 
mids, the Parthenon and the Pantheon ; 
had constructed aqueducts, canals and 
sewers ; had regulated and maintained the 
rivers of China for thousands of years ; and 
had just been recognized, on account of his 
labors in protecting the lowlands of Holland 
and the shores of Italian rivers from the 
encroachments of the water, as holding a 
distinct rank among the workers of the 
world. 

Of the application of the forces of nature 
to aiding his labors, he seems to have been 
ignorant, except by the use of a flowing 
stream to turn a wheel. The earliest re- 
corded application of this mode of producing 
power in England was in 1582, when Peter 
Moryss, a Hollander, procured from the 
City of London a franchise for five hundred 
years for supplying water to the city by 
pumping from the Thames, using awheel 
driven by the ebb and flow of the tide under, 
London Bridge. 

With the beginning of the seventeenth 
century, the world entered on a new era of 
science, theoretical and applied. The casual 
observation by a little child of the curious 
optical effect obtained by looking through 
two pieces of glass led to the invention of 
the telescope and the microscope, which 
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disclosed to man objects beyond the reach 
of his unassisted vision. The swinging of 
a hanging lamp suggested to a thoughtful 
man the idea of an unseen force, and Gali- 
leo, by experiment and reasoning, discov- 
ered the law of terrestrial gravitation and • 
first grasped the idea of force as a mechan- 
ical agent. 

Turning his newly invented telescope 
upon the heavens, he was the first man in 
the world to witness the actual motion of 
the planets and their satellites, and to prove 
that they and the earth revolved about the 
sun, as Pythagoras had imagined two thou- 
sand years before, Copernicus had asserted 
a hundred years before, and his own con- 
temporary, Kepler, had reasoned from the 
imperfect data then possessed, and had 
actually formulated the laws of their mo- 
tion in forms which the science of our day 
confirms exactly. He was the first to con- 
ceive the theory of transverse strains in 
solids, but the facility of experimentation 
with fluids diverted his attention from more 
rigid bodies, and the fundamental principles 
of hydraulic science were established by 
him and by his pupils and immediate suc- 
cessors in the fascinating studies he had 
introduced. 

To Galileo also is due the invention of 
the thermometer, which enabled definite 
measurement to be made of the mysterious 
phenomenon of heat which his great con- 
temporary philosopher in England, Lord 
Bacon, conceived to be ' an expansive un- 
dulatory motion in the particles of a body 
whereby they tend with some rapidity 
toward the circumference, and also a little 
upward.' But Bacon was two hundred 
years in advance of the physicists, and the 
century was occupied almost exclusively in 
the elucidation of the laws of gravitation 
as exemplified in the action of fluids. For 
the study of liquids and their action dem- 
onstrated that they were, under certain 
conditions "of temperature, transformed into 



invisible and elastic substances governed in 
general by the same laws, and also that 
there were all around other similar sub- 
stances which could not be condensed into 
liquid inelastic form, but could be weighed 
by the barometer which Torricelli invented 
in 1643. And so the laws of gases came to 
be investigated and formulated by Mariotte, 
who, to aid him in his researches, invented 
the rain gauge in 1677, and measured the 
liquids condensed from the atmosphere. 
The value of the data thus obtained, to the 
hydraulic engineer, was appreciated by the 
French engineers at once, and ever since 
1681 records of the rainfall have been kept 
continuously at Paris, and the practice has 
gradually extended over the whole world. 
But it is worthy of note that fifty years 
after the invention of the rain gauge, 
Belidor, in his magnificent treatise on Hy- 
draulic Architecture (1728), the first com- 
pendium of engineering theory and practice, 
in treating of the sources of water supply 
for domestic use, did not mention the rain 
gauge or the amount of rainfall, but dwelt 
on the divining rod as the recognized means 
of discovering subterranean streams of 
water. 

The close of this century saw the final 
establishment of the law of gravitation by 
Newton's proof of its governing the whole 
material universe. And any review of the 
progress made during the century toward 
the understanding of the laws of nature 
would be incomplete without allusion to 
the two great steps taken in it toward the 
facilitating of mathematical computations, 
the invention of logarithms at the beginning 
of the century and of the calculus at its 
close. 

That heat produced dynamic effects had 
been recognized for ages. That it destroyed 
some solids, that it converted others into 
different forms possessing entirely different 
properties, that it caused the dissipation 
and disappearance of liquids, were facts 
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well established. That .by its application 
to certain combinations of materials an ex- 
plosive effect could be produced which over- 
came the force of gravity had been discov- 
ered three or four hundred years before 
when gunpowder was invented, but that a 
mechanical effect could be produced by the 
use of heat was not understood, and the 
nature of the phenomenon itself was not 
comprehended. It was looked upon by 
physicists as an ' element' or primary form 
of matter, and in 1690 Stahl conceived the 
idea of 'phlogiston,' an elementary sub- 
stance, invisible and inappreciable by the 
senses, which entered into the composition 
of combustible substances, and which, by 
the process of combustion, was separated 
from them and passed off in the form of 
corpuscules which, striking the sensory 
nerves, were perceived as heat. Sir Isaac 
Newton espoused this phlogiston hypothe- 
sis and also conceived that light was the 
product of certain corpuscules which were 
perceived by the optical nerves. The discus- 
sion of these hypotheses occupied the atten- 
tion of the philosophers for the whole of the 
eighteenth century, and, in the meantime, 
the physicists were busy experimenting on 
the methods of utilizing the vapor into 
which heat converted water. By degrees,the 
steam engine was developed into a practical 
machine, capable of doing work which be- 
fore could only be accomplished by animal 
labor, and the engineer availed himself of 
it in the handling of materials. But al- 
though the chemists had been striving for 
centuries to learn the composition of matter 
and the means of transforming and combin- 
ing its several natural conditions, they had 
not, at the beginning of the nineteenth cen- 
tury, learned how to produce either heat or 
light, except by the aboriginal method of 
striking flint and steel together. In the 
lack of knowledge of the properties of 
these phenomena and the fact that they 
could be utilized on a large scale, there Was 



no occasion for the devotion of any special 
class of men to their production and devel- 
opment. There were two other classes of 
phenomena which seemed as if they ought 
to be controlled by man, but the laws of 
which had so far eluded discovery — elec- 
tricity and magnetism. So that, really, all 
that the civil engineer had to deal with was 
the force of gravity acting on such materials 
as the earth yielded him, in their natural 
state or as they could be modified by heat 
and manual labor. 

But he had been making progress. In 
Italy, where the first application of science 
to construction had been made, the study 
of the laws of hydraulic science had been 
constantly pursued, and those laws applied 
to the regulation of the rivers ; in France, 
ever ready to grasp new ideas and to pursue 
their application to practical results, the 
principles of hydraulics had been studied 
and applied to the construction of great 
canals, and to the supply of water to Paris, 
where, in 1671, water was pumped by a 
water wheel driven by the current of the 
Seine and distributed through cast-iron 
pipes. In England, Hugh Myddelton had 
supplied London with water, and, in 1638, 
Nicholas Vermuyden had been called in 
from Holland to protect the lands along the 
River Ouse from overflow, a task so well 
accomplished that his work stood for a 
hundred years, and only failed then from 
lack of proper maintenance, the English 
having by that time apparently concluded 
that, as Dr. Franklin wrote in 1772, ' rivers 
were unmanageable things,' and, inspired 
by the success of the public waterways . of 
France, turned their attention to the con- 
struction of canals and the improvement of 
harbors. Many important works of this 
class were built in England during the last 
half of the eighteenth century. The men 
by whom these works were constructed were 
not educated men or men experienced in 
scientific research. They certainly were 



July 19, 1901.] 



SCIENCE. 



87 



men of great natural ability and good judg- 
ment, and capable of conceiving and exe- 
cuting great projects. One of the greatest 
of them, John Smeaton, who was the first 
Englishman to call himself a civil engineer, 
thus expressed his conception of the profes- 
sion which he adorned : 

" Civil engineers are a self-created set of men whose 
profession owes its origin not to power or influence, 
but to the best of all protection, the encouragement 
of a great and powerful nation, a nation become so 
from the industry and steadiness of its manufacturing 
workmen and their superior knowledge in practical 
chemistry, mechanics, natural philosophy and other 
useful accomplishments." 

Smeaton was himself an investigator, but 
he is the only one of the civil engineers of 
Great Britain during the eighteenth century 
who strove to discover the laws which gov- 
erned the operations of Nature. 

The most eminent civil engineer in Eng- 
land in the year 1800 was Thomas Telford, 
who was born in 1757. Beginning life as 
a mason, he developed an extraordinary 
faculty of generalization, combined with an 
intimate acquaintance with the details of 
workmanship in all the methods of con- 
struction known in those days. In the 
building of canals, highways, harbors, 
bridges and docks he displayed great grasp 
of the subject of the improvement of 
transportation facilities, as then existing, 
and great boldness of design and ingenuity 
in construction. 

But it must be borne in mind that at that 
time the canal was considered the only 
possible mode of increasing facilities of 
transportation and reducing cost, no motive 
power except animal force was known, the 
metals were but little used in construction, 
and a framed structure adapted to bear 
heavy loads was unknown. As ' an emi- 
nent mathematician,' quoted in the Edin- 
burgh Beview in 1805, remarked : 

"While we give ourselves infinite trouble to pur- 
sue investigations relating to the motions and masses 
of bodies which move at immeasurable distances from 



our planet, we have never thought of determining 
the forces necessary to prevent the roofs of our houses 
from falling on our heads." 

It is related of Telford that when on one 
occasion he was consulted by a young man 
as to the advisability of his engaging in 
civil engineering, he said to him : " I have 
made all the canals and all the roads and 
all the harbors. I don't see what there is 
that you can expect to do." 

His ideas regarding the training of the 
civil engineer are given at some length in 
his Personal Memoirs prepared shortly be- 
fore his death. 

"Youths of respectability and competent education 
who contemplate Civil Engineering as a profession, 
are seldom aware how far they ought to descend in 
order to found the basis for future elevation. Not 
only are the natural senses of seeing and feeling req- 
uisite in the examination of materials, but also the 
practiced eye, and the hand which has experience of 
the kind and qualities of stone, of lime, of iron, of 
timber, and even of earth, and of the effects of human 
ingenuity in applying and combining all these sub- 
stances, is necessary for arriving at mastery in the 
profession. For how can a man give judicious di- 
rections unless he possesses personal knowledge of 
the details requisite to effect his ultimate purpose in 
the best and cheapest manner? 

"It has happened to me more than once, when 
taking opportunities of being useful to a young man 
of merit, that I have experienced opposition in taking 
him from his books and his drawings and placing a 
mallet, chisel or trowel in his hand, till rendered con- 
fident by the solid knowledge which experience only 
can bestow, he was qualified to insist on the due per- 
formance of workmanship and to judge of merit in 
the lower as .troll as the higher departments of a pro- 
fession in which no kind or degree of practical 
knowledge is superfluous." 

This is doubtless good, sound doctrine, 
but it does not betoken any very lofty con- 
ception of -the aims and ends of the profes- 
sion. But during the first quarter of the 
nineteenth century Telford stood at the 
head of the profession of civil engineering, 
and when, in 1820, the recently formed as- 
sociation of its practitioners for mutual ad- 
vancement in science, which was termed 
the Institution of Civil Engineers, desired 
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a prominent leader, he was chosen its pres- 
ident, and held that office until his death 
in 1834. He does not appear to have con- 
tributed to the Institution any papers or 
discussions on engineering subjects. 

Among the members of the Institution 
at that time was a man thirty years the 
junior of the president, who, like him, had 
risen from humble origin, and by his own 
exertions attained a high rank in the pro- 
fession, and who, rather oddly, had the 
same forename, and a surname of two 
syllables, the initial and final letters of 
which and the vowel sounds of which were 
the same as Telford's. This similarity of 
name has led to some confusion and some- 
times to the attributing to one of these men 
the sayings and doings of the other. 

Thomas Tredgold, born in 1788, began 
life as a carpenter, but soon devoted him- 
self to the study of engineering science and 
its practice in the office of the Chief Engi- 
neer of the Ordnance Bureau. He early 
recognized the deficiency of the knowledge 
then existing as to the nature and strength 
of the materials used in construction, and 
he studied, experimented and reasoned 
systematically, and published the results of 
his labors. His 'Treatise on Carpentry,' in 
1820, was the first published attempt to de- 
termine scientifically and practically the 
data of resistance of beams to transverse 
flexure. During the next seven years he 
contributed to the Transactions of the Insti- 
tution of Civil Engineers papers showing 
the mode of application of science to engi- 
neering problems, and he also published 
treatises on Warming and Ventilation, on 
Steam Navigation, on Railroads and Car- 
riages, and on the Steam Engine. It was 
to him that the Institution turned when it 
wished to apply for a royal charter, in 
1828, and requested him to prepare a defi- 
nition of civil engineering. 

As we look back upon the history of sci- 
ence, theoretical and applied, during the 



first quarter of the nineteenth century, we 
can see how a new definition of the profes- 
sion of civil engineering was needed at that 
date. 

At the very beginning of the century 
there had occurred a marvelous revolution 
in the conception of the nature and opera- 
tion of the laws governing matter and its 
motion. Lavoisier had revolutionized chem- 
ical science and Dalton had propounded a 
theory of atomic constitution of matter 
which has been sustained by observation 
and reason. All matter is composed of a 
few primal elements in an atomic or 
minutely subdivided form. These atoms 
have varying chemical affinity for each 
other, and, combining in certain propor- 
tions, form molecules of matter of various 
kinds. The study of these combinations 
has been the business of chemists for the 
last hundred years, and the laws of combi- 
nation have been so successfully elucidated 
that many forms of matter which before 
were found only in a state of nature can 
now be artificially produced, and many 
other forms have been produced which are 
never found in nature and which are useful 
for purposes and under conditions where no 
natural product can be used to advantage. 
The impetus given to chemical research by 
the formulation of Dalton's theory was 
sufficient to establish the fact, early in the 
century, that chemical affinity was a source 
of power which could be directed by man 
intelligently and with prospect of advan- 
tage. 

Just with the incoming of the century, 
too, came Rumford's demonstration of the 
fact that heat was not a material substance, 
but only a mode of motion. Almost simul- 
taneously was propounded the theory of 
Thomas Young, that light, too, was not 
material, but was simply due to vibratory 
motion in an all-pervading medium to which 
he gave the name of the luminiferous ether. 

It was in 1800, too, that Volta demon- 
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strated that an electric current could be 
artificially produced. How it could be eon- 
trolled and applied to practical use did not 
yet appear, but a new direction had been 
given to the minds of- those engaged in 
physical research. 

As it became manifest that chemical 
affinity and heat and light could be con- 
trolled and directed and converted into 
Energy, as Young termed it, the men who 
had been trained in utilizing the »force of 
gravity turned their attention to the 
development of these newly understood 
sources of power. Fitch and Fulton, with 
the aim of reducing the cost of water trans- 
portation, succeeded in applying the steam 
engine to the propulsion of boats, and 
Trevithick made successful application of 
steam propulsion to vehicles on land. Mur- 
dock had proved that illuminating gas 
could be produced and distributed to con- 
sumers. The civil engineers of the day had 
seized on all these inventions and dis- 
coveries, and in both Europe and America 
were designing and constructing works to 
render them useful to the greatest number 
of people. 

Reviewing then what had been accom- 
plished during the first quarter of the cen- 
tury, Tredgold could not but perceive that 
civil engineering was something broader 
and more comprehensive than the mere 
construction of harbors, breakwaters and 
canals, and he presented on January 4, 
1828, in response to the request of the In- 
stitution, this ever-memorable definition of 
civil engineering : 

" Civil Engineering is the art of directing the great 
sources of power in Nature for the use and conven- 
ience of man ; being that practical application of the 
most important principles of natural philosophy which 
has, in a considerable degree, realized the anticipa- 
tions of Bacon, and changed the aspect and state of 
affairs in the whole world." 

After a brief sketch of the objects of 
civil engineering, he added : 

" The real extent to which it may be applied is 



limited only by the progress of science ; its scope and 
utility will be increased with every discovery in phi- 
losophy, and its resources with every invention in 
mechanical or chemical art, since its bounds are un- 
limited, and equally so must be the researches of its 
professors."* 

A more concise and comprehensive defi- 
nition of a great truth can hardly be con- 
ceived. From a physical and intellectual 
standpoint, a nobler aim for the exercise of 
the mental powers cannot be imagined than 
the direction of the great sources of power 
in nature for the use and convenience of 
man. f Psychology deals with mind alone, 
Physics considers the nature and the laws of 
matter, but Civil Engineering treats of the 
intelligent direction of the laws governing 
matter so as to produce effects which will 
reduce to a minimum the time and physical 
labor required* to supply all the demands of 
the body of man and leave more opportunity 
for the exercise of the mental and spiritual 
faculties. Philosophy, Physics and Civil 
Engineering must work hand in hand. The 
philosopher must imagine, the physicist 
prove by experiment and mathematical 
computation, and the engineer apply to 
practice, the laws of matter. Each must 
keep himself informed of the progress made 
by the others and must aid them by sugges- 
tions as to the lines on which research 
needs to be carried forward. The civil en- 
gineer, in attempting to solve some problem 
of construction, finds that he needs a ma- 
terial which shall possess a certain quality 
which he cannot discover that any natural 
product possesses. He calls the chemist to 
his aid, and he, from a study of the com- 
binations of existing forms of matter which 
most nearly approach the desired ideal, 
reasons that some special combination of 
elements will entirely fulfill the conditions, 
and he experiments to find whether such 
combination can be made. Sometimes he 
is successful in his first attempt and some- 

* Minutes of Proceedings, Institution of Civil" En- 
gineers, Vol. XXVII., p. 181. 
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times not. But, whatever the result, he 
has added to his knowledge of the laws of 
combinations and has furnished to the phi- 
losopher fresh data for his generalizations, 
and to the engineer a new material for his 
use.") 

It not infrequently occurs that, from in- 
vestigations made for a specific purpose, 
results are obtained of the greatest useful- 
ness for an entirely different purpose. 
Thus, in 1855, when Henry Bessemer, in- 
spired solely by that desire 'to kill some- 
thing ' which is alike the ruling passion of 
the rudest savage and the most highly 
civilized man, bent all his energies to the 
production of a metallic combination which 
should be able to resist the force of the 
highest explosive and so enable a cannon 
ball to be projected from a gun to a greater 
distance than ever before, he discovered a 
method of expelling all foreign substances 
from iron and then adding a minute quan- 
tity of another element, carbon, in such pro- 
portions that the original mass was mate- 
rially changed in character and made more 
ductile, stronger and stiffer. The product 
was. exactly what the railroad engineer 
wanted at that time for the bearing surface 
of his roadway, and the material which had 
been sought for destructive purposes be- 
came a most important factor in facilitating 
the transportation of men and goods with 
certainty and safety at high speeds. 

(As the knowledge of the nature of steel 
and the precise methods in which it can be 
manufactured have progressed, the engineer 
has gradually come to know just what he 
wants and how it can be produced, and, in 
his specifications, requires that the particu- 
lar material of this class which he desires 
shall be of a certain chemical composition 
and also possess certain characteristics. 
The same is the case with almost every 
material which enters into the construction 
of engineering works of the present day. 
Matter in its original state is rarely used. 



Its chemical condition must be transformed 
before the engineer can utilize it with any 
confidence. That almost any desired trans- 
formation can be effected was not realized 
until late in the century) Starting with 
the atom, the ultimate particle of matter so 
far comprehended by us, the chemist found 
that several different kinds of atoms could 
be identified, and that these would combine 
in certain ways according to laws which 
could be formulated. But in the applica- 
tion of these laws and the tabulation of the 
results gaps were found to exist which 
could not be filled without the supposition 
that other elements existed than those al- 
ready known. The existence of such ele- 
mental substances was confirmed by the 
revelations of the spectrum analysis, and, 
later on, several of such elements have 
been actually identified by the use of the 
electric current in creating vibrations in the 
ether. The limit is probably not reached 
yet, but as each new element is discovered 
its affinities are sought by the chemist, its 
sensibility to various forms of vibratory 
motion are investigated by the dynamist, 
as we may term the physicist who is seek- 
ing the laws of either heat or light or elec- 
tricity, and then it is the function of the 
civil engineer to study how it can best be 
applied to the use and convenience of man. 
For, ever since the beginning of the nine- 
teenth century, the evidence has been cumu- 
lative that matter in motion accounts for 
all physical phenomena, that motion pro- 
duces energy, that energy is never wasted, 
but is simply transformed, and that it mani- 
fests itself to the senses of man in various 
modes which are appreciable by the several 
organs of sense. 

What our senses recognize as chemical 
affinity, heat, light and electricity, are sim- 
ply conditions of matter induced by vibra- 
tions or quivers or waves or strains, what- 
ever we may call them, of different kinds 
and at different velocities. Neither matter 



JOLY 19, 1901.] 



SCIENCE 



91 



nor motion ean be originated by man, but, 
by a careful study of the sequence of events, 
control can be acquired of their modes of 
interaction, and natural phenomena can be 
artificiallyreproduced and other phenomena 
be produced. The intelligent application 
and direction of such means of control is 
the function of the civil engineer. 

With the advance of science, the scope of 
civil engineering widened and advanced) 
The study of the action of forces induced 
analytical investigation of the means by 
which forces could be resisted and the best 
results obtained from proper distribution 
and arrangement of materials of different 
kinds. Steamships and locomotive engines 
were constructed by which the products of 
the earth and the manufactures of man, by 
machines and methods not before con- 
ceived, could be transported across the seas 
and overland by artificial highways and 
across bridges of previously unimagined 
span; and light and heat and electricity 
#nd water could be delivered in the apart- 
ment of every person to be used at will. 

It was in the carrying out of the delivery 
of pure and wholesome water and the re- 
moval of its unused surplus that the civil 
engineer first was called on to deal with or- 
ganic life. That minute organisms affected 
the comfort and the health of man had been 
recognized for hundreds of years. In the 
middle of the seventeenth century Leeu- 
wenhoek, a Dutch maker of microscopes, 
discovered and described bacteria, and 
Nicholas Andry, a pathologist, ascribed to 
them the causation of disease. But later 
scientists discarded the idea, and it was not 
dntil 1831 that any real advances were 
made in the study of these microorganisms, 
and it is only within the last twelve years 
that it has become thoroughly recognized 
that the regulation of the growth of living 
organisms in air and water and sewage is 
necessary and practicable, and comes within 
the domain of civil engineering. 



Indirectly, however, biological research 
has been one of the most important factors 
in the progress of engineering science, by 
calling the attention of students of physics 
to the fact that advance and not retrogres- 
sion is one of the fundamental laws of 
nature. For the first half of the century, 
the old ideas of cosmogony, based on an 
hypothesis unsupported by proof) were prev- 
alent everywhere. It was assumed that 
the world, in all its details, had been created 
perfect and had since been simply deterio- 
rating and tending to a final dissolution. 
' Change and decay, in all around I see,' 
was the dogma of the theologian, the phi- 
losopher and the scientist alike. While it 
had come to be recognized that the forms of 
inorganic matter could be changed by man, 
and that by the exercise of man's intelli- 
gence, certain characteristics of organic 
matter and the vital forces with which it 
was imbued could be modified and perpet- 
uated, it was not considered possible that 
the superior intelligence which controlled 
everything could modify or transform such 
characteristics in any special form of matter. 

But in 1859, Charles Darwin, after twenty 
years of study of the sequence of events in 
biological phenomena, demonstrated that 
there was an intelligence beyond that of 
man, which was constantly acting to change 
and modify the forms, the habits and the 
mode of life of animals and plants, and 
that such action resulted in the perpetua- 
tion of the fittest type of organism. The 
proof was irrefragable, and the effect of his 
wonderfully clear exposition of the proc- 
esses by which his conclusions had been 
reached was marvelous in inducing a co- 
ordination of thought and a cooperation 
in methods of procedure in intelligent re- 
search in the investigation of all natural 
phenomena, whether relating to organic or 
inorganic matter. 

In considering the means of directing the 
great sources of power, the psychological 
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element must not be forgotten. A mere 
intellectual application of the laws dis- 
covered by physical research is not enough 
to make a civil engineer. Breadth of view, 
the faculty of analyzing what has been done 
so as to discover how and why some enter- 
prises have been successful and others have 
not, and the ability to forecast the future, 
are essential. These qualities are largely 
natural, but may be cultivated to a great 
extent by study and experience. That 
there has been a wonderful advance in this 
direction during the nineteenth century is 
shown by the great number Of civil engi- 
neers who hold positions of prominence in 
the management and control Of large enter- 
prises which require the exercise of faculties 
which cannot be acquired in any other way 
than by experience in the designing, con- 
struction and management of engineering 
works. 

A prominent factor in causing this ad- 
vance in engineering science which has 
occurred simultaneously on the Continent 
of Europe, in Great Britain and in America, 
has been the collaboration of scientists. 
Early in the century it became evident that 
the multiplication of lines of research de- 
manded a differentiation of the labor of 
their prosecution and a close cooperation 
of the workers in any special line, and 
various associations of specialists were 
formed to promote various branches of 
scientific research. By the middle of the 
century it had become apparent that civil 
engineering was not the prosecution of a 
specialty, but was the coordination and 
direction of the work of all specialties in 
science and its applications. And so in 
1852, James Laurie and his associates, 
following the example of their English 
brethren, founded the American Society 
of Civil Engineers, the first and only 
national organization devoted to ' the 
professional improvement of its mem- 
bers, the encouragement of social inter- 



course among men of practical science, 
the advancement of engineering in its 
several branches and the establishment of a 
central point of reference and union for its 
members.' To the privileges of its mem- 
bership may be admitted not only every 
' professional engineer,' but also ' any per- 
son who, by scientific acquirements or prac- 
tical experience, has attained a position in 
his special pursuit qualifying him to coop- 
erate with engineers in the advancement of 
professional knowledge and practice.' This 
meeting of that Society, which now has 
2,500 names upon its rolls of membership, 
and owns a commodious society house with 
a reference library of some 40,000 titles, is 
sufficient proof of the wisdom of its found- 
ers. 

Becognizing, then, that progress is a law 
of nature, the acceleration of progress is 
the aim of civil engineering. It strives to 
stimulate the results of the slow processes of 
nature, by causing the sources of power to 
act rapidly in any desired direction. Ap- 
preciating, too, the fact that there is con- 
stant progress, and that what now seems 
admirably adapted to our needs may in a 
short time require to be superseded by im- 
proved structures and processes, the tend- 
ency of the time is toward the production 
of works which will have a definite term of 
life, rather than toward the construction of 
everlasting monuments. We see that in 
the old nations, where the effort to build for 
eternity was made, time has outstripped 
the intent of the builders and what is an- 
tiquated is useless, and we see the same 
thing in our own streets to-day. The idea 
of building a monumental structure which 
will hand one's name down to future ages 
is a fascinating one, but it is simply a sur- 
vival of the engineering of the Pharaohs. 

The most thorough exemplar of the con- 
dition o'f civil engineering at the beginning 
of the twentieth century is the modern 
oflSce-building in a great city. One hundred 
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years ago, the man of enterprise who re- 
sided fifty miles from a large city and wished 
to consult an engineer regarding a project 
for a new canal, arose before daylight, 
struck a spark from his flint and steel, 
which, falling on a scrap of tinder, was 
blown by him into flame and from that a 
tallow dip was lighted. In the same prim- 
itive manner the wood fire was kindled on 
the kitchen hearth and his breakfast was 
cooked in a pot and kettle suspended from 
the iron crane in the fireplace. Entering 
the cumbrous stage coach, hung on leather 
springs, which passed his door, he was 
driven over muddy roads, crossing the nar- 
row streams on wooden ti'estle bridges and 
the navigable rivers on a ferry boat, the 
paddle wheels of which were turned by a 
mule on a treadmill. At last he was landed 
in the city, where he walked through dirty 
streets paved with cobble-stones until he 
reached his destination, a plain three-story 
brick building founded on sand, with a damp 
cellar and a cesspool in the back yard. En- 
tering a dark hall, he climbed a wooden 
staircase and was ushered into a neat room, 
rag-carpeted, warmed by a wood fire on the 
open hearth and lighted by a sperm- oil 
lamp with one wick, for it was dark by this 
time. No wonder that before proceeding 
to business he was glad to take a good stiff 
noggin of New England rum. 

To-day, his grandson, living at the old 
homestead, while comfortably eating his 
breakfast which has been cooked over a gas^' 
range, re'ads in his morning paper that the 
high dam of the irrigation reservoir in Ari- 
zona, in which he is interested, sprang a 
leak the day before, and he telegraphs to 
his engineer in the city that he will meet 
him at his office at noon. Then, striking a 
match, he lights the lamp of his automobile 
which is fed by petroleum brought 200 miles 
underground in pipes from the wells, rolls 
over macadamized roads to the railroad 
station, where he boards a luxuriously ap- 



pointed train, by which he is carried above- 
all highways, through tunnels, under rivers, 
or across them on long-span steel bridges, 
and in an hour is deposited in the heart of 
the city, where he has his choice of proceed- 
ing to his destination through clean and 
asphalt- paved streets in electric surface cars 
at 9 miles an hour, elevated steam cars at 
12 miles an hour, or through well-lighted 
and ventilated tunnels at 15 miles an hour. 
Reaching the spot his grandfather had 
visited, he finds there a huge and highly 
decorated building, twenty or more stories 
high. Founded on the primeval rock, far 
below the surface of the natural ground, 
the superjacent strata of compressible ma- 
terial having been penetrated by caissons 
of sheet metal sunk by the use of air com- 
pressed by powerful pumps driven by steam 
or electricity generated at a power station 
half a mile or more away, and these caissons 
filled with a manufactured rock such as the 
ordinary processes of nature would require 
millions of years to produce, there is 
erected a cage of steel, the composition of 
which has been specified, and the form and 
mode of construction of which have been so- 
computed that the force of the elements 
cannot overthrow the structure or even 
cause it to sway perceptibly. Towering 
above the courts of Law, the temples of 
Religion and the palaces of the Arts, 
the meshes of this mighty cage are filled 
with products of the earth, the mine and 
the forest, transformed so as to be strong 
and light and incombustible, and all inter- 
woven with pipes and wires, each in its. 
proper place and noted on the plans. In 
one set of these pipes there is pure water,, 
which has been collected from a mountain 
area of igneous geological formation, de- 
populated and free from swamps, on which 
a record of the daily rainfall is kept, and! 
in which impounding reservoirs have been 
constructed by masonry dams across its 
valleys. From these reservoirs the water, 
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after filtration through clean sand, is con- 
veyed 30 or 40 miles through steel or 
masonry conduits to covered reservoirs, 
whence it is drawn as needed through cast- 
iron pipes to the building where it is to be 
used, and there distributed to all parts of 
it, chilled nearly to the freezing point 
through one system of pipes or heated 
nearly to the boiling point, through another 
system. Another set of pipes carries steam, 
which, passing through radiators, keeps the 
temperature of the air throughout the 
building at the proper standard for com- 
fort. Sanitary conveniences are provided 
everywhere, and all wastes are consumed 
within the building by the surplus heat 
generated, leaving only ashes to be re- 
moved. Wires convey electric currents to 
all points, so that the occupant of a room, 
sitting at his desk, can by the touch of a 
button ventilate his apartment, illuminate 
it, call a messenger, be kept informed of 
every fluctuation in the markets, converse 
with anybody who is not ' busy ' within 40 
miles of where he sits, and if entirely ' up 
to date' can require his autograph and 
portrait to be reproduced before his eyes 
for identification. He dictates his corre- 
spondence and his memoranda, and ' takes 
his pen in hand' only to sign his name. 
He need not leave his seat except to con- 
sult the photograph hanging on his wall, 
which shows to him the latest condition of 
the mine, the railroad, the arid lands irri- 
gated, the swamps reclaimed, the bridge in 
progress, the steamship, the water-works, 
the tunnel or the railroad, the dam, the filter 
or the sewage works, the town, the machine, 
the power plant or the manufacturing es- 
tablishment in which he is most interested. 
Entering the brilliantly lighted hallway 
of this building, the air of which is kept in 
circulation by the plunging up and down of 
half a dozen elevators, the visitor is lifted 
at a speed of 500 feet a minute, past floor 
after floor, crowded with the offices of finan- 



ciers, managers and promoters of traffic 
and of trade, lawyers, chemists, contract- 
ors, manufacturers, to the headquarters of 
the controlling genius of the whole or- 
ganism, the civil engineer. For he it is to 
whom all the members of this microcosm 
must apply for aid and advice in the suc- 
cessful operation of their respective occu- 
pations. It is not his to mechanically 
transform elements into matter, or matter 
into other forms, or to show how energy 
may be produced, but to direct the applica- 
tion of energy to the various forms of mat- 
ter, original or produced, in such way as to 
bring about the most satisfactory results in 
the most speedy and economical manner. 

He has grown with the growth of the 
nineteenth century, and is, so far as the re- 
lations between man and matter are con- 
cerned, its most striking product. And so, 
while the definition given in the ' American 
Edition of the Encyclopedia,' which ap- 
peared at the beginning of the century, 
that "civil engineers are a denomination 
which comprises an order or profession of 
persons highly respectable for their talents 
and scientific attainments and eminently 
useful under this appellation," is still true, 
it is hardly probable that the compiler of 
the Twentieth Century Encyclopedia will 
be content to let it stand without further 
explanation. 

But the end is not yet; there are still 
many problems of nature unsolved. The 
experience of every day shows that there 
are sources of power not yet fully developed, 
and we cannot but say with the great poet : 

" I doubt not through the ages one increasing purpose 

runs, 

And the thoughts of men are widened with the 

process of the suns." T T „ „ 
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